Abstract: Community-Based Outpatient Clinics (CBOCs) allow delivery of primary care to rural veterans who are far from a main Veterans Affairs (VA) campus. However, CBOCs often do not have physicians with geriatric training. We used a clinical video telehealth (CVT) dementia service (Teledementia clinic) based in the Pittsburgh VA Healthcare System to optimize dementia patients' medications and potentially inappropriate medications (PIMs). We analyzed 199 CVT patient encounters from 1 January 2016 to 31 December 2016 and compared different medication changes per encounter between the initial CVT consults and the follow-up visits for all medications and PIMs as listed in the 2015 Beers Criteria, to see if there was a decrease of each kind of change, which is being used as a surrogate for optimization. We found that initial CVT consults, compared to follow-up visits, had greater medications added (0.731 vs. 0.434, p = 0.0092), total overall medications changes (1.769 vs. 1.130, p = 0.0078), and the stopping of 2015 Beers Criteria PIMs (0.208 vs. 0.072, p = 0.0255) per encounter. The fewer PIMs discontinued and fewer medication additions in follow-ups implies that our patients' medications tend to stay optimized between visits. The teledementia service represents a novel way to provide geriatric assistance to CBOC VA primary care physicians for rural veterans with dementia.
Introduction
It is widely known that there is a disparity of care between urban and rural patients. In fact, rural patients typically have higher barriers to access general and specialist medical care, leading to poorer outcomes as compared to their urban counterparts [1, 2] . This is especially important with the management of dementia. The WHO estimates that there are 50 million patients worldwide with dementia with 10 million new cases annually [3] . Indeed, the costs of care are staggering. Just in the U.S. alone, it was estimated to cost $818 billion in 2015, increasing to $1 trillion as of 2018 [4] . In addition, home-dwelling dementia patients are more likely to live in rural than urban areas [5] . Being in a rural area bring many difficulties to providing medical care. Not only is there a barrier to care due to behavioral or psychological symptoms of dementia and frailty, but also the physical distances and poorer infrastructure in rural areas increase the cost and effort to provide the same level of dementia care as urban patients.
We also know that there is a strong correlation between dementia and increased risk of polypharmacy [6, 7] , with polypharmacy leading to poorer outcomes overall [8] [9] [10] . As the rural population is predicted to increase faster than the urban population [11] , it becomes even more important for these patients to have access to geriatric specialist care that may better be able to handle the balance of quality of life and the adequate treatment of the complications of dementia. Indeed, we see this in the drive to deprescribe medications that are potentially inappropriate medications (PIMs) that may not be appropriate for an older population.
Given that most geriatricians are not located in rural areas [12] , clinical video telehealth (CVT) can be used to remotely diagnose and manage these patients. It has already been used to diagnose dementia [13] , and has been implemented into practice for rural populations with dementia [14] . For instance, there exist programs in the U.S. with Veterans Affairs (VA) physicians being assisted with medication recommendations [15] , as well as programs in other countries such as Canada in their rural and remote memory clinic (RRMC) which helped reduce the anticholinergic medication burden on dementia patients [16, 17] , and in Australia [18] where its use can overcome some barriers to provide adequate care, particularly in remote areas.
However, as many studies looking at rural populations with dementia using CVT often deal with the initial diagnosis, there is little data on the continued management of dementia patients in a rural setting using telemedicine, nor is there much data looking at what kinds of changes are made to affect those patients that have continued CVT management for dementia.
The VA Pittsburgh Healthcare System CVT program for dementia (Teledementia clinic) was started in 2013, serving veterans who are rural patients with cognitive decline that were unable to travel to the main campus either because the distance was too great or because they were too ill. Given that this population required dementia expertise that may not be readily accessible to those patients living outside a metropolitan area, CVT has been offered to help these rural veterans with dementia get care that optimized their medications to improve their quality of life.
In addition to polypharmacy, which is estimated to occur in nearly 50% of older adults [19] , there is the issue of underprescribing, or not having a medication to treat a medical condition without contraindication. Indeed, this is another frequent problem that is seen in the elderly [20] and can just as easily lead to poorer outcomes. To that end, we analyzed the patient visit data from our CVT consult program that was able to optimize the medications that are prescribed to these patients by looking at the medication changes recommended by our service between our new consults and our follow-up visits. We hypothesize that a medication list that more adequately balances the treatment of medical conditions and quality of life would be reflected by fewer changes per encounter as patients follow up with our service, which would provide more evidence of CVT's usefulness in the care of dementia patients in a rural setting.
Materials and Methods

Teledementia Consult Service
The teledementia consult service consists of physicians trained in either geriatric medicine or psychiatry, a nurse practitioner to assist with medical assessments, clinical psychologists to assess cognitive function, and social workers to support the patient and their caretakers with referrals to services provided by the VA or community [21] . Patients are referred to our service via primary care physicians, often in Community-Based Outpatient Clinics (CBOCs), or via other specialists who believe that the patient can benefit from more integrated care of their cognitive impairment. These patients are usually within 30 min of a CBOC, though some can be farther away [22] . For remote consults in 2016, there were 8 CBOCs (Westmoreland, Washington, Fayette, Belmont, Beaver, Huntingdon, State College and Johnstown) and one rural VA hospital (Altoona) that referred patients to our service.
For each CVT appointment, which can either be a new patient consult or a follow-up visit, the structure for of these appointments are the same (Figure 1) . These patients will present to a special clinic room in the CBOC where there is a monitor and camera system already set up. Once the patient is roomed and triaged, two-way communication via CVT is set up between the patient in the CBOC and the geriatric healthcare provider at the Veterans Affairs Pittsburgh Healthcare System main campus. A medical history is completed, followed by medication reconciliation, and if needed, cognitive screening which is most often a Montreal Cognitive Assessment [23] . Following the interview and screening, recommendations are discussed with the patient and their caregivers. In addition, these recommendations are forwarded in writing to their primary care physicians within the VA system via the VA's electronic medical record known as the Computerized Patient Record System (CPRS).
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Teledementia Database
Following each visit, data is entered into a secure Microsoft Access database containing demographic data of the patient (age, gender, reported ethnic group), recommendations of medications to be added, stopped or changed, as well as a brief summary of overall recommendations. This database combines changes made by both geriatric medicine and psychiatric portions of the consultation. Data is maintained by a single nurse, ensuring consistent data entry for each patient visit.
Study Characteristics
Our study is a retrospective observational study using the data abstracted from the teledementia database. We limited our initial data set to patient CVT sessions from 1 January-31 December 2016, separating the encounters into initial consults and follow-up visits. Medication recommendation data from the database was extracted for each of these encounters. The demographics are detailed in Table 1 .
Our primary outcome was comparing the difference between initial consults and follow-up visits for medication additions (medications added that were not previously on the patient's medication list), stops (medications discontinued that were previously on the patient's medication list), dosage/timing modifications (medications that remained on the medications list before and after the visit, but whose dosage and/or timing was changed), overall medication changes (totaling all of the medication adds, stops and modifications in the encounter), and net medication change per encounter (medication adds subtracted by medication stops). In addition, we compared the difference between initial consults and follow-up visits for stops and dosage/timing modifications of PIMs found in the 2015 Beers Criteria [24] . We separated these medications into PIMs in all circumstances (Table 1 PIMs) and all PIMs found in the Beers Criteria including conditional PIMs (e.g., drug-drug interactions, renal function). 
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The per encounter data was coded by a single researcher in Microsoft Excel, with each encounter being anonymized of patient identifiers. Once coded, the averages of each of the above outcomes were calculated in both the initial consults and the follow-up visits. The averages were then analyzed via two-tailed t-test to detect statistical differences between the two groups using a null hypothesis of no difference. The data was manually reinputted and reanalyzed three months later to ensure that the initial analysis was correct.
Because this study was a quality improvement project in the Pittsburgh VA, it was exempt from Institutional Review Board review.
Results
Population Characteristics
The population represented in our sample of veterans in the CVT consult service were exclusively male. In addition, the majority were Caucasian in both initial consults (93.9%) and follow-up visits (92.8%). The racial and ethnic demographics of the patients were statistically similar; however, there was a higher percentage of patients that were seen by geriatric psychiatry in the follow-up visits than the initial consult (76.8% vs. 50%, p = 0.0002). Geriatric psychiatry involvement in these cases ranged from specialized management of significant psychiatric symptoms to titration of multiple psychotropic medications.
In our data set, we had 199 total encounters. Of these encounters, 130 were initial CVT consults and 69 were follow-up visits. In total, there were 308 total medication change events, with 230 events (74.7%) in the initial consults and 78 events (25.3%) in the follow-up visits.
In the 230 medication events of the initial consults, there were 95 medication adds (41.3%), 89 medication stops (38.7%), and 46 medication dosage/timing modifications (20%). In the 78 events of the follow-up visits, there were 30 medication adds (38.5%), 28 medication stops (35.9%), and 20 medication dosage/timing modifications (25.6%) ( Table 2) . 
Medication Changes Overall
To measure our primary outcome measure, we found per encounter averages for each type of medication change (Table 3) . For initial consults, we found an average of 0.731 medications added per encounter, 0.685 medications stopped per encounter, and 0.354 medications modified per encounter. The average overall medications changed per encounter was 1.769 in these initial consults. We also found that when all changes were taken into account, the initial encounters added an average of 0.046 medications to the patient's medication list.
For the follow-up visits, we found fewer changes in every type. We found 0. We had broken down the medications added, stopped and modified by types of medications to see if any particular type was driving the changes that we see in Table 2 . Unfortunately, we were unable to find a single category of medication whose changes in either adding, stopping or modifications were statically significant between the initial consult and follow-up visit (Table A1) . 
Beers Criteria Medications
The next step of our analysis was to see if 2015 Beers Criteria medications were statistically different when the discontinuation or modifications were compared between the initial consult and the follow-up visits (Table 4) . We found that Table 1 PIMs were statistically significant in both stopping (0.208 vs. 0.072, p = 0.025) and dosage/timing modification (0.230 vs. 0.029, p = 0.001). We also saw statistical significance when looking at all Beers List medications stopped (0.323 vs. 0.150, p = 0.044) though not when looking at dosage/timing modifications (0.338 vs. 0.202, p = 0.123). These results show that, for the most part, teledementia services for rural veterans had an effect on Beers List modifications, presumably with the lower numbers in the follow-up visits compared to the initial visit, indicating that the medication list was either optimized with the correct modifications of the Beers List medications and that those modifications, whether changes in dosage/timing or stopping all together, appeared to be carried through to the follow-up visit. 
Discussion
Overall, the significance found in adds and total medications indicates that a greater number of changes happen in the initial visit and its effects on the medication list is evidence that the medications of the dementia patient were being optimized. Although it was disappointing to see that there was no statistical significance with stops, modifications, or net medication changes, it may be reflective of medications already being removed or changed prior to being seen in our CVT consult service. We do not see a statistically significant increase in any changes category, which can be seen as evidence that the CVT is not adversely affecting the patients' medication regimens.
In addition, the decrease of stops and modification of PIMs between the initial consults and the follow-up visits is important as these PIMs can lead to increased delirium and other poor outcomes with older patients, particularly those medications that are psychogenic and whose side effects may be amplified by cognitive impairment.
One thing to note here is that there was no single drug class that showed significance either indicating that the sample size was not large enough or, more likely, that there were a large number of visits that resulted in 0 medication changes, greatly reducing the possibility of seeing an effect. At least in this population, while it does appear that there are, in aggregate, more medications being added in the initial consult versus the follow-up visit, there is no specific medication class that is noted to be driving this change.
Altogether, this data is encouraging in demonstrating that our teledementia service CVT consults can be used as a model to help with the management of medications in rural dementia patients. Previous research indicates that CVT for dementia patients can lead to a slowing of dementia progression [25, 26] . It is possible that the effect that we see in previous studies may be related to the adequate treatment of dementia while deprescribing medications to increase quality of life and potentially reduce the risk of medication-induced delirium episodes. Indeed, the multidisciplinary team approach of caring for rural dementia patients using CVT includes social work [27] and physical therapy [28] . The data from our CVT consultation service providing psychiatric and dementia specialist support to rural primary care physicians is further evidence of effectively providing remote dementia care.
Given the shortages of geriatric expertise in rural areas, this can be a way to expand the reach of geriatric specialist care that may be more often found in urban areas. In the context of the VA, these kinds of CVT consults demonstrate further evidence of effectiveness in providing remote assistance to patients that may only be able to travel to a CBOC based on distance or other travel restrictions. This in turn may show our implementation to be a feasible model for treating rural dementia patients, as the expansion of telemedicine is a potential solution to practicing medicine in other low-resource environments [29] [30] [31] .
Indeed, as the rural older adult population continues to grow, CVT may be another tool to help project the geriatric principles to these changing demographics, particularly in the face of a growing deficit of geriatricians [32] and other dementia specialists, particularly in rural areas. However, more research is required to define how best to effectively implement such a rural CVT program.
Limitations
There are several limitations to this study. First, as mentioned above, the large number of visits that had 0 medication changes resulted in average numbers that were less than 1. That combined with the low number of visits throughout the year analyzed made it difficult for some categories to approach significance.
Second, with a single team member doing analysis and coding, this may have led to some bias in how some of the data was interpreted. Although the definitions were clearly defined, it would have had more reliability if a second coder was employed to ensure that the interpretation of the data was reliable between multiple coders. Third, our study design does not account for difference between other providers that are caring for the patient. For instance, a significantly higher percentage of patients in the follow-up visits were patients that were followed by geriatric psychiatry, as compared to the initial consults. This can confound the results as it is another team member on the consult service that can propose medication changes to the patients. We also do not take into account the training of the primary care clinicians (who may be physicians, nurse practitioners, or physician assistants) that follow the patient at the CBOC. In particular, we do not take into account clinicians who may be more comfortable changing medications between visits, further dampening the effect that our CVT consult has. Nevertheless, a future study should account for these confounding factors by comparing our CVT consults against a control group.
Lastly, although some of the patients were referred without having previously been seen by a geriatrician, some patients were referred to the teledementia consult service following a visit to the Geriatric Evaluation and Management (GEM) clinic in Pittsburgh. This interdisciplinary comprehensive geriatric assessment clinic consists of a visit from both a geriatrician as well as a pharmacist trained in geriatric principles, which may have dampened the medication change effect of the initial visit as the changes that would have normally been made during the CVT visit would have already been made.
Future Directions
Moving forward, we will include multiple years of data to increase the sample size. In addition, we would like to do a pre-post analysis by following the medication changes made for each patient between their initial consult and follow-up visits, so that the changes are made in context to each individual patient. By linking that data to each patient, we will also be able to better abstract from the electronic medical record hospitalizations, nursing home transfers, or medication adverse reactions as other outcome measures to compare. 
